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Abstract
Designing a robust, modular and fast mobile robot which can work in challenging environment is a difficult task. That includes
design of mechanical parts and control system of the robot. This paper proposes a new design of mobile robot, which may 
potentially be used for military, rescue and industrial purpose. The limitation of height is the main constrained in robot design, 
but this can be overcome by using heavy hydraulic and pneumatic systems. We used spiral lift to change the height of mobile 
robot platform. Spiral lift is the latest technology to lift heavy loads in industries using low power and simple mechanism. At 
ideal condition, the compactness of the spiral lift enables us to keep the robot at its minimal size. By studying different mobile 
robots and mechanism, we will design and analyze robot using spiral lift in advanced CAD software - SolidWorks. We have used 
I-Lock 75 because of its inter-lock mechanism and compactness.
© 2011 Published by Elsevier B.V.
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1. Introduction
The design of highly maneuverable mobile robot involves the combination of many different fields of 
knowledge. Mobile robotics is the field of designing of hardware and software in such a way that robot is able to 
work in dynamic environment using inconsistent sensor information. Mobile robots may be fully autonomous or 
remotely controlled. Nowadays, mobile robots are used in medical, industries, exploration, military, security 
systems, inspection, and entertainment or even as tour guide. The working of mobile robot is not only the result of 
programming alone, but results from integration of three basic components [1]:
1) The hardware of the robot like body, motors, sensors, battery, etc.
2) The environment condition
3) The program 
The integration of these three components makes robot more complex and to design such a robot is great 
challenge for the researcher. The change in any of these three will change the performance of the robot [1]. The 
disadvantage of complex robot, the necessity of complex mechanism and software, may increase cost, weight, size 
and power requirement [2]. Everyone knows that the design of mechanism greatly affects the controllability and 
performance of the robot in rough terrain. Mechanical design is a creative activity which involves estimation and 
rational decisions using principles of energy, material and mechanics. 
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2. Robot
Robot can be defined as mechanical device which perform tasks automatically using predefine program or with 
human help. The basic tasks of robots are to move around, sense environment and show intelligent work [5]. We can 
divide robots in many different ways. But two most popular ways are [3]:
1. According to their Motion
2. According to their application
This is just a classification to understand the different types of robots. The robotics field is so wide and popular. 
Today, researchers are designing hybrid intelligent robots which can fall in more than one category. Mobile robots 
are designed to move from one place to another in unknown environment by avoiding obstacles. Most of the
locomotion mechanisms are found in nature, which are used to move robots like insects, making them successful in 
moving through a wide area of harsh environment. Many robots inspired from nature can walk, slid, crawl and run.
Dynamic systems are either constrained or unconstrained. Constrained may be holonomic or nonholonomic. 
Nonholonomic constrain states that robot can only move in the direction normal to the axis of the driving wheels. In 
other words, relative tangential velocities at the point of contact must be zero. In this paper, we are going to design 6 
– wheel mobile robot, which will be used for outdoor or indoor environment.
3. Robot design
Shape and form are important to a design's aesthetic qualities, strength, stability, rigidity and safety. We need to 
keep in mind the perfect balance required between robot sizes, motor power and battery power to get efficient 
design and, also, these factors affect the cost of robot.
3.1 Base
The shape and size of the base or platform will decide 
width and length of the whole robot. Base must be strong 
enough to carry weight of the 6 legs and all electronics 
parts. We are going to use SolidWorks CAD software to 
design and analyze the assembly. Figure 1. shows complete 
assembly of the base. There are three parts assembled 
together: bottom box, inside frame and top cover. Base 
assembly is symmetric about all three planes. We use 
aluminum alloy to fabricate the bottom part and the top 
cover, but the frame is made of grey cast iron. Bottom box is made from aluminum sheet. This assembly is designed 
to carry 100 kg of load. Also, base assembly is going to carry batteries, motors, computer board and all other 
	
	
	


	
	
	
  !"  
#$!%&'(	 The stress and displacement analysis are also done for all the parts of robot.  
Figure 2. von-Mises stress distribution and displacement
Figure 1. Base Assembly
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3.2 Leg
There are six legs in this robot. The legs are the most important assemblies of the robot because they have major 
function to keep maintaining ground contact. Any three out of six legs can hold the entire weight.  The legs of this 
robot can be used as feet, as well to be used as general purpose manipulator. Out of six, 4 legs are identical, attached 
one at each corner, and remaining 2 legs are same. 4 
identical legs have three joints. Corner legs are made of 
5 different parts: telescopic arm, hinge connector, spiral 
lift, suspension spring and bottom driving part. Centre 
legs do not have telescopic arm, and they are offset to 
the corner legs.
Telescopic arm is connected to the base through 
servo motor, which rotates the arm upto1800. 
Telescopic arm gives leg a full 1800 rotation, and it can 
extend up to 157 mm from its original length. Ball 
screw mechanism is used to extend the arm. Ball screw 
is driven by a motor; both ball screw and motor is 
housed inside of the first cylinder. Motor must be 
capable of lifting the whole weight of the leg. Ball 
screw has pitch of 6 mm and total length of 302 mm.
Telescopic arm is connected to leg through double acting spring bearing. Bearings are made to rotate 900 or 
1800 as fit to our need. We need around 150 to 200 rotation. The use of this bearing in our robot is to give suspension 
to the robot. Spiral lift is connected to the bottom of the 
spring bearing. Spiral lift is a kind of telescopic linear 
actuator to lift the heavy load [15]. Spiral lift is the new 
innovation to lift load using very compact and simple 
mechanism. It works with the use of interlocking 
horizontal and vertical metal bands that unroll and form 
a metal column. The vertical band is stored in magazine 
and horizontal bands are stored below the vertical band. 
The vertical band, that is perforated, is laid over a 
horizontal band that is toothed with rotary motion. The 
horizontal band is raised using a series of cam rollers. 
The vertical band locks on horizontal band and creates a 
vertical stainless steel column. The column is stable and 
mechanically locked in any direction. Each spiral lift has 
100 watt motor inbuilt. 
Every vehicle requires some kind of suspension system to keep 
vehicle isolated from rough terrain noise and vibration. There are many 
different types of suspension system available like damper, spring, 
pneumatic spring and air suspension, etc. For our robot, spring as 
suspension system would be enough. We are going to use compression 
spring to handle vibration from the terrain. We know,
Spring Constant,                                                        
Using this equation, we can find spring size: d = 5.5 mm
4
38 a
Gdk
D n
= *a tn n n= -
Figure 3. Leg Assembly
Figure 4. Spiral Lift
Figure 5. Spring Assembly
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3.3 Drive motors
We have 6 identical DC drive servo motors with inbuilt gear box and encoders. To determine the required power 
and torque of the motor, we use a simple vehicle model as shown in Figure 6. [9].  
The robot with mass m= 250 kg is pulled on slope of 200 at acceleration of a. From Figure 6, we can resolve 
forces in x-direction.
Net,  Applied Weight FrictionF F F F= - -
Where,          Applied
TF
R
=
sinWeightF mg q=
cosFriction NF F mgm m q= =
We have, R = 0.07 m,     m = 250 kg,      a = 0.25 m/s2)*+ 0,     μ = 0.65
After putting all the values, we can get     T = 167.95 N-m
We have 6 drive motors. So, torque for each motor ,     T = 27.99  28 watt
We need six motors of 200 watt each to drive robot at 0.5 m/s at 200 slope.
There are 4 motors in side base assembly to give rotation to the leg assembly. To calculate motor size, we need 
to calculate total inertia load acting on the shaft of the motor. For that, we are going to divide whole leg in to some 
simple geometry. If we find inertia of each part acting on shaft 1 and add it all up,
6 2 4 23.38 10 3.38 10TotalI kg mm kg cm= ´ - = ´ -
Now, the require torque,
4 ( ) 4.39.55 10
I NT N m N m
t
= ´ - = -
´
Power require for each motor,
4.3 6.28 27P T wattw= ´ = ´ =
Figure 6. Vehicle on slope
Figure 7. Leg drawing
Figure 8. Bottom Assembly
There are two more motors attached to bottom of the 
wheel assembly. First, to change the direction of the 
robot by changing direction of the wheel and other one 
is to make robot walk. This motor can turn the driving 
mechanism to 1800 around vertical axis and 900 around 
horizontal axis. We can use the same method to 
calculate size of the motor as we used for leg motor.  
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4. Sensors and Camera  
There are a many different sensors used in robotics field. Sensors are used to collect useful information about 
outside environment as well as its own parameters [10]. These might include infrared sensors, ultrasonic range 
sensor, laser sensors, positional encoders, compasses, light and voice sensors, GPS sensors; sensors to measure 
acceleration, speed, turning, tilt, temperature, force, humidity, torque, and many others. 24 infrared sensors and two 
laser sensors are used to detect object in our robot. Both laser sensors are mounted on the base, one each at front and 
back. 5 infrared sensors keep the robot legs informed from all the sides in any position and two laser sensors keep 
robot platform aware of any obstacles. Information on the position of the robot is acquired using orientation sensor. 
Orientation sensors are generally used to measure the direction of robot pointing in 3D space. The orientation 
sensor, which includes 3 – axis accelerometer, 3 – axis gyroscope, 3 – axis magnetometer in less than 1 inch chip
[18]. Two 3600 cameras give full visual images around the robot. One of those is attach at front and the other one at 
back. We are going to use Sony 530CW [19] with 3600 rotation and night vision wireless camera.
5. Electronics
There are many electronic parts required to control the robot. First one is 
the microcontroller to control all mechanical parts by processing on sensors 
information. We used phyCORE-MPC565 [20]. Phycore is a single board 
computer design by Phytech America Company. Figure 10 shows the electronic 
connections in robot. Voltage regulator is used to regulate voltage for different 
parts. H – Bridge is used to connect all the motors and H – Bridge is connected 
to microcontroller. We are going to need H-Bridge to connect all servo motors 
and it is also going to control voltage for servo motor, according to our need.
6. Power
Of course, we are going to need power to run robot. To get our requirements on energy demands, we decide to 
make our battery pack. We used 24 V Lithium-polymer batteries [21], each of 15 AH capacity. In market, it is 
known as li-po battery. It has high specific energy up to 110Wh/kg compared to other NiMH, NiCd or lead acid 
batteries. But the disadvantages of this battery are cost and charging process.
We are going to use 8 packs of the same size. So, we have total,  15 8 120Ah´ =
We have total power,    24 15 8 2880V Ah Wh´ ´ =
7. Robot Specifications
1. No. of drive wheels : 6
2. Max. dimensions at close position :
1410 1100 716mm´ ´ ( )L W H´ ´
3. Max. height ( at open position) : 1500 mm
4. Weight : 250 kg
5. Load carrying capacity : 100 kg
6. Servo motors : 30
7. Max. Speed (with 6 drive wheels): 0.5 m/s at 200
8. Max. Speed (with 6 drive wheels): 0.73 m/s at 00
9. Infrared sensors : 24
10. Laser sensors : 2
11. Night vision 3600 cameras : 2
12. Battery power : 120 Ah
Figure 9. Orientation sensor
Figure 10. Circuit diagram
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8. Conclusion
This robot is might be complex and costlier compared to other robots, but it can traverse many different kinds 
of obstacles. This robot can change the height, extend legs and it can even walk in rough terrain. There are very few 
robots designed to do these many tasks. We can say that there is no ‘ideal’ system which can maximizes 
controllability, maneuverability and stability at a same time. Each mobile robot has unique limitations because of its 
locomotion. So, designer’s task is to choose best possible design by keeping in mind its limitations.
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